In this paper, an adaptive color transform for image compression is introduced. In each block of the image coefficients of the color transform are determined from the previously compressed neighboring blocks using weighted sums of the RGB pixel values, making the transform block-specific. There is no need to transmit or store the transform coefficients because they are estimated from previous blocks. The compression efficiency of the transform is demonstrated using the JPEG image coding scheme. In general, the suggested transformation results in better PSNR values for a given compression level.
INTRODUCTION
Image compression is a well-established and extensively studied field in the signal processing and communication communities. Although the "lossy" JPEG standard [9] is the most widely accepted image compression technique in modern day applications, its optimality and resulting fidelity can be improved. One possible idea is to find a color transform that represents the RGB components in a more efficient manner and can thereby replace the well-known RGB-to-YCbCr or RGB-to-YUV color transforms, used by most practitioners. A new transform based on the color content of a given image is developed in this paper. The proposed transform can be used as part of the JPEG image coding standard, as well as part of other image and video coding methods, including the methods described in [1], [2] and [3] .
ALGORITHM
A typical colorspace transform can be represented by a matrix multiplication as follows: 
where T = [t ij ] 3×3 is the transform matrix, while R, G and B represent the red, green and blue colour components of a given pixel, respectively, and D, E, F represent the transformed values. For example, JPEG uses the RGB-to-YCbCr colorspace transform and chooses the coefficients in T accordingly. The Y component of the resultant image is usually called the luminance component, carrying most of the information, while the Cb and Cr components are called the chrominance components. In our approach, we manipulate the luminance component, while leaving the chrominance components as they are, i.e., we only modify the coefficients in the first row of the T-matrix. The second and third rows of the matrix remain unaltered because in natural images, almost all of the image's energy is concentrated in the Y component, see [6] . As a result, most of the bits are allocated to the Y component.
Recent methods of color transform design include [4] , [7] and [8] , but all of these methods try to optimize their designs over the entire image. However, different parts of a typical natural image may have different color characteristics. To overcome this problem, a block adaptive method which is taking advantage of the local color content of an image, is proposed. In each block of the image, coefficients of the color transform are determined from the previously compressed neighboring blocks using weighted sums of the RGB pixel values, making the transform specific to that particular block. We calculate the coefficients t 11 , t 12 , t 13 of the first row of the color transform matrix, using the color content of the previous blocks in the following manner:
and
where I denotes a three-dimensional, discrete RGB image composed of the used subimage blocks, which are to be discussed below, M and N denote the number of rows and columns of the subimage block, respectively, and t 1j denotes the element in the 1-st row and the j-th column of the 3-by-3 baseline color transform matrix, e.g. RGB-to-YCbCr. f only the previous block is used in JPEG coding, M and N are equal chosen to be 8.
Equations (2)- (4) have to be computed for each image block, therefore, the proposed transform changes for each block of the image. The extra overhead of encoding the color transform matrix can be easily avoided by borrowing an idea from standard DPCM coding in which predictor coefficients are estimated from encoded signal samples. In other words, there is no need to transmit or store the transform coefficients because they are estimated from previously encoded blocks.
In most cameras, image blocks are raster-scanned from the sensor and blocks are fed to a JPEG encoder one-by-one [1] . For the first block of the image, the baseline color transform is used and the right-hand side of Equations (2)- (4) are computed from encoded-decoded color pixel values. For the second image block these color transform coefficients are inserted into the first row of the baseline color transform and it is encoded. The color content of the second block is also computed from encoded-decoded pixel values and used in the coding of the third block. Due to raster-scanning, the correlation between neighboring blocks is expected to be high. Therefore, for a given image block, the color content of its neighboring blocks is assumed to be a good estimate of its own color content. Furthermore, we are not restricted to use a single block to estimate the color transform parameters. We can also use image blocks of previously encoded upper rows as shown in Figure 1 in which shaded blocks represent previously encoded blocks and the black shaded block is the current block. Therefore, no additional information on the color transform needs to be encoded by implementing a decoder inside the encoder as in standard DPCM signal encoding. It Fig. 1 . A general description of our prediciton scheme. To predict the color content of the black-shaded image block, color contents of previously encoded gray-shaded blocks, marked by arrows, are used.
should be also pointed out that optimized color transform designs of [4] , [7] and [8] can be also used in our DPCM-like coding strategy. Instead of estimating the color transform over the entire image the transform coefficients can be determined in the previously processed blocks as described above. The goal of this article is to introduce the block-adaptive color transform concept within the framework of JPEG and MPEG family of video coding standards. Therefore, a heuristic and a computationally simple color transform design approach is proposed in Equations (2)-(4). Since only the first row of the transform is modified it is possible to use the binary encoding schemes of JPEG and MPEG coders.
EXPERIMENTAL STUDIES AND RESULTS
Four experiments are conducted. For the first three, a dataset of 15 images, containing 'Lenna', 'Baboon', 'Goldhill', 'Boats', 'Pepper', 'Airplane', 'Barbara' and some images of natural scenes from the 'Kodak' dataset [10] , is used. For the fourth experiment the microscopic image shown in Figure  5 (a) is used.
In the first three experiments, JFIF's RGB-to-YCbCr [5] , RGB-to-YUV and a digital version of RGB-to-Y'CbCr are used as our baseline color transforms. Their respective transform matrices are given as 
The JPEG coder available in MATLAB's imwrite function is used in our experiments. The color transformation stage of the baseline JPEG is replaced with the proposed form of transformation. Two different color transform estimation schemes are used:
1. The weights of Equations (2)-(4) are computed using only the previous block, i.e., the upper block is used, if the current block is the first block of a particular row.
2. The weights are computed using the previously processed blocks neighboring the current block as shown in Figure 1 .
Results of the experiments are summarised in Tables 1 -3 . The PSNR-Gain of our method over the baseline color transform are measured at five different rates, spread over the whole rate range, for each image. The averages of these gain values are shown in the tables. Additionally, the mean of all these gain values is presented for the whole dataset. Table 2 . PSNR-Gain values for the whole dataset with RGBto-YUV as baseline color transform. PSNR-Gain of each image is measured at different rates and averaged.
Furthermore, a success rate for the dataset is given. The decision for a success is binary and is made in case the gain value of a given image is positive. These results show that the proposed method produces better results than the baseline JPEG algorithm using the YCbCr, YUV or Y'CbCr matrices, respectively. In Figures 2 -4 Fig. 2 . PSNR-vs-CR performance of the 'Airplane' image for fixed color transforms and our method using the previous blocks.
CONCLUSION
A method of extracting an image-specific color transform based on the color content of an image is presented. The transform coefficients are adaptively computed for each im- Fig. 3 . PSNR-vs-CR performance of the 'Lenna' image for fixed color transforms and our method using the previous blocks. Fig. 4 . PSNR-vs-CR performance of the 'Pepper' image for fixed color transforms and our method using the previous blocks.
age block. The first row of the transform matrix is basically determined by the color component ratios of previously compressed image blocks. Our experiments suggest that when this transform is used in standard JPEG, it results in higher PSNR for a given CR than standard colorspace transforms in general. Due to its conceptual simplicity and computational efficiency, our method can also be used in video compression. 
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